Selective pressures imposed by pathogens have varied among human populations throughout 2 their evolution, leading to marked inter-population differences at some genes mediating 3 susceptibility to infectious and immune-related diseases. A common polymorphism resulting in a 4
Introduction 2 6
There is accumulating evidence to suggest that immunity-related genes are preferential targets of with a minor allele frequency (MAF) > 0.01, haplotypes within these blocks were identified with 1 0 5 the Pegas package in R 25, 26 . Relationships among haplotypes occurring at >1% were inferred Unexpectedly, Chimp, Neanderthal and Denisovan haplotypes are closer to H. sapiens A-1 1 5 haplotypes suggesting that natural selection shaped the haplotype pattern ( Figure S1 ). Given the morbidity and mortality associated with viral respiratory infections 13,15 and 1 1 9 severe childhood asthma 12,14 particularly prior to the availability of modern medical 1 2 0 interventions, we hypothesized that the frequency of the protective G allele (resulting in a 1 2 1 Cys 529 ) at rs6967330 might have increased more rapidly than under neutrality. We performed 1 2 2 genome-wide scans for selection in the 26 populations of the 1000 Genomes Project 23 . To do so, 1 2 3 we used the integrated haplotype score (iHS) 27 and the number of segregating sites by length 1 2 4 6 (nS L ) 28 , which are designed to capture rapid increases in frequency of selected variants and have 1 2 5 been applied in the context of detecting recent positive selection 27, 29, 30 . We calculated these 1 2 6 neutrality statistics in each population independently and normalized by frequency-bin for all 1 2 7 loci with a DAF ≥ 0.2 ( Figure S2 ). Fourteen populations presented extreme values of iHS and 1 2 8 nS L (≥ 95 th percentile of the distribution in the population) at rs6967330, with 2 and 5 1 2 9 populations falling in the 99 th percentile for the two statistics, respectively. CDHR3 lies in a 1 3 0 region of high recombination (1.8cM/Mb) and rs6967330 resides in a male specific To investigate whether selection has acted on all populations simultaneously, we 1 3 5 implemented a multi-population (MP) combined statistic approach for iHS and nS L . For each 1 3 6 SNP in each population, we combined the percent ranks of iHS and nS L using Fisher's method, and defined the MP-iHS and MP-nS L as the resulting χ 2 value. We obtained a MP-iHS score of 1 3 8 156 and a MP-nS L score of 157 for rs6967330. Both scores are in the 99 th percentile, regardless 1 3 9 of whether we include only segregating sites in 2 or more populations or limit it to those SNPs 1 4 0 segregating in all 26 populations examined. This suggests that the derived allele at rs6967330 is 1 4 1 advantageous and that non-neutral processes have acted on this locus across global populations. by RV-C itself; our findings suggest instead that an alternative selective agent(s) may have 1 5 3 been/be acting on the CDHR3 locus prior to emergence of RV-C. These findings well parallel 1 5 4 those observed at the chemokine receptor gene-5 (CCR-5), where an unknown historical 1 5 5
Until recently, evidence for balancing selection in the human genome was limited to a few 1 7 0 classical cases such as the heterozygous advantage conferred by the HbS sickle cell mutation 1 7 1 against malaria 36,37 , genes of the major histocompatibility complex/human leukocyte antigen 1 7 2 complex 38 , and the ABO blood group 39 . Balancing selection, however, has recently been 1 7 3 recognized as more prevalent than previously thought, particularly in shaping human immune 1 7 4 system phenotypes 35, 40, 41 . To test whether the rs6967330 locus has been under long-term 1 7 5 balancing selection (i.e. selection occurring over at least hundreds of thousands of generations balancing selection ( Figure S3 ). measured with F ST at this locus is low relative to other SNPs with the same frequency ( Figure   1 9 0 S4), a finding that is also consistent with short-term balancing selection across multiple 1 9 1 populations 35, 38, 41 . Based on our observation that the derived variant at rs6967330 was present at 1 9 2 high frequencies in ancient human specimens and in the homozygous state in the case of a 1 9 3 45,000-year-old fossil, we posit that this allele may have started to increase in frequency in 1 9 4
ancestral populations before reaching its current equilibrium frequency independently in human populations, which is compatible with an equilibrium frequency being high. It is possible 1 9 7 that as the allele frequency of the derived mutation reaches high frequencies in a population, impacts on the selective pressures they impose on human populations. Such a frequency-2 0 0 dependent selection scenario seems more plausible than that of a heterozygote advantage given would similarly not be conferred protection. In conclusion, our analyses combined a priori knowledge of a genetic variant underlying 2 0 6 variable susceptibility to RV-C infections 7, 9, 11 with population genetic analyses of whole genome 2 0 7 sequence data to investigate the evolutionary history of the locus in CDHR3. The conservation of 2 0 8 the protein, combined with its complex evolutionary history, exemplifies the biological 2 0 9
importance of CDHR3, which may or may not be ultimately relevant to its function as the 2 1 0 cellular surface receptor for RV-C. We detected a worldwide signature of selection at this locus, 2 1 1 but also found that patterns of variation do not conform to the classic selective sweep model. Instead, we posit the possibility of frequency-dependent balancing selection operating at this 2 1 3 locus which warrants more investigation into genotypic and biochemical effects of the variant 2 1 4 (e.g. whether there is any phenotypic benefit to being heterozygous, trade-offs of different has been advantageous and selected for in recent human evolution. were made for aDNA samples for which we felt confident making diploid genotype calls ( Table   2 2 8 S1). were normalization by derived allele frequency (DAF) bins (from 0 to 1, increments of 2 5 6 0.025) 27, 32 . We also minimized the false-positive discovery by excluding SNPs with a DAF 2 5 7 below 0.2, as the power to detect positive selection has been shown to be limited at such low 2 5 8
frequencies 27, 32 . For each statistic, we considered the percent rank at rs6967330 relative to the 2 5 9
genome-wide distribution in each population. In order to test selection shared among populations, we combined iHS and nS L into a single these composite approaches 48-50 is that neutrality statistics, though expected to be correlated negative in all populations while false positives will only be negative in a few populations. the criteria above to compute iHS and nS L ) found in at least two populations. 
